The purpose of this study was to determine the total content of cadmium, lead, nickel, copper, zinc and their fractions in organic soils of Podlasie used as permanent grassland. The research material were samples taken from 30 soils of the Podlasie province in 2011-2013. The samples were taken from the determined layer to depth of 0-30 cm. Basic physicochemical properties were determined in the taken soil samples: organic carbon content, pH in 1 M KCl potentiometrically. The total content of metals after mineralization in aqua regia was determined, and cadmium fractions were determined with a modified BCR method. The measurements were conducted by means of atomic absorption spectroscopy with electrothermal atomization using Varian AA-100 spectrometer. It was found that only 2 soils can be included in the soils with first pollution degree due to the cadmium content. The content of other metals was at geochemical background level. The distribution of investigated metals in the fractions in studied organic soils was different comparing to mineral soils. Most of the analyzed elements were present in the fraction associated with organic substance, which limited their mobility, as evidenced by their low share in the available and potentially available fraction. The proportion of metals in the residual fraction was low, which is typical for organic soils. The share of studied metals in particular fractions varied depending on the sampling date, which may be related to the climatic conditions course in the study period and the treatments performed on these soils.
INTRODUCTIONS
The main source of heavy metals in organic soils is the soil itself, because it is being formed due to organic matter accumulation. Peat, as reported by Hornburg and Brummer [1993] and Kabata-Pendias, Pendias [1999] , has the ability to sorb and bind metals, accumulating them not only from dying biomass, but also from atmospheric depositions. Only some metals are washed out in small amounts to deeper layers, so their accumulation occurs mainly in the top layer. The content of metals in these soils is an environment quality indicator over many years [Kabała et al. 1998 ]. In organic soils, metals are strongly sorbed by organic matter, which may limit their mobility.
However, this condition may change under the influence of human activity, when these soils are used for agricultural purposes in the form of grasslands and are subject to agrotechnical measures that change their properties. This, in turn, affects the availability and solubility of these metals in the soil. The metals found in the most mobile fractions (acid-soluble and exchangeable), as well as elements that are released under influence of changing environmental conditions, i.e. potentially mobile fractions (reductive and oxidation) are directly available for plants. This form of occurrence of the element in the soil, and not its total content in soil, plays a significant role in its movement along the water-soil-plant-animal-human chain.
The bioavailability for plants of elements contained in soil depends on its pH, oxidation reduction conditions, granulometric composition, organic matter content, Fe, Mn, Al and microorganisms, interactions between elements, as well as the element form and its susceptibility to transition from solid to liquid soil phase [Moćko and Wacławek 2004, Finžgar et al. 2007] The purpose of this work was to determine the total content of cadmium, lead, nickel, copper and zinc and their fractions share in Podlasie organic soils used as permanent grassland.
METERIALS AND METHODS
In 2013 and 2014, the organic soils samples were collected at fifteen points in the Podlasie voivodship. These were peat soils and were used as permanent grassland. Basic physicochemical properties were determined in the soil samples: organic carbon content in accordance to Tiurin method, pH in 1 M KCl potentiometric. Soils were also determined in the form of available phosphorus, potassium in accordance to Egner-Riehm and magnesium with Schashtschabel method.
Thereafter, the total content of metals after mineralization in aqua regia was determined by means of atomic spectrometry with flame atomization. These determinations were carried out once in 2014. Before the determination of metal fractions, sequential extraction procedure of heavy metals (Ni, Pb, Cd, Cu, Zn) from soils was developed. Ultrasound was used as acceleration of classic extraction process, which allowed to shorten the analytical procedure from about 50 hours to several minutes. In the samples taken in the next two years, the determination of metal fractions was carried out with modified BCR method [Rauret et al. 1999 ]. This method includes the extraction of exchangeable metals and water-soluble and weak acids (fraction 1), using acetic acid (0.11 mol·m
). The metals associated with iron and manganese hydroxides (fraction 2) are extracted with hydroxylamine hydrochloride (0.5 mol·dm -3 ). The next fraction of metals is bound to organic matter (fraction 3), which is released by hydrogen peroxide and ammonium acetate (0.5 mol·dm -3 , pH = 2). Residues (residual fraction) were determined after extraction in aqua regia, in order to control the internal method. Determinations of metals and their fractions were made by means of atomic absorption spectroscopy with electrothermal atomization using Varian AA-100 spectrometer.
RESULTS
The studied soils were in the range from acidic to neutral, depending on their pH. Organic carbon was on average over 27%, the median value indicates that the carbon content in most soils oscillated around 27%. The phosphorus content was mostly low, potassium very low, and the magnesium average by fertile classes for these compounds.
The Cu content in Podlasie organic soils ( Fig. 1 ) ranged from 1.3 to 48.2 mg·kg -1 in accordance to Mock [2002] . Only a small part of this element is stored in soil in a easily soluble and exchangeable form and constitutes on average 10-17% of total Cu. In the studied soils, Cu is strongly bound by organic matter and its share in the third fraction is 33-52%; a small amount of this metal in fraction four indicates low availability in studied soils, which is consistent with the research of other researchers [Kabata-Pendias and Pendias 1999, Moćko and Wacławek 2004, Mendoza et al. 2006] . A certain pool of Cu available for plants may be its share in the second potentially available fraction, which varies within quite wide range from 10-30% (Fig.2) Among the investigated soils, due to the total Cd content, only 2 can be included in the soils with the first pollution degree and the remaining ones are in the geochemical background (Fig. 1) . The Cd content in the analyzed soils was similar to the range for Polish soils from 0.03 to 1.35 mg·kg -1 given by Mock [2002] . The distribution of Cd in the analyzed fractions was slightly different than in mineral soils (Fig. 3) . In the studied organic soils, the Cd share in residual fraction during three study years did not exceed 30%. Most cadmium was concentrated in the third fraction associated with organic substance and in the first year it was almost 40%, and in second and third -50%. The most available fraction was over 10%, and potentially available over 20%. The differences in the share of individual fractions in total Cd of studied soils during the research period result from variable environmental conditions as indicated by Broos et al. [2001] .
There was more total Pb in organic soils than in mineral soils, which amounts to 13.5 mg·kg -1 in accordance to Mocek [2001] . In the studied organic soils, the Pb content was on average 18 mg·kg -1 , and maximum value was nearly 30 mg·kg -1 , but all the examined soils were uncontaminated (Fig. 1) . Unlike in mineral soils, the fraction of this metal decomposed (Fig. 4) . ]. In the studied soils, the most lead was in the second reducible fraction, which is not typical for organic soils. The larger Pb amount in this fraction may be influenced not only by the agricultural use of these soils but also by the anthropogenic deposition in the form of dust.
The average Zn content in uncontaminated Polish arable soils is 32.4 mg·kg -1 , in the range from 10.9 to 142.8 mg·kg -1 [Mocek 2002 ], in the studied soils Zn was ranging from 18 to 70 mg·kg -1 (Fig. 1) . The Zn share in the studied fractions varied depending on the research year (Fig. 5) . The lowest Zn content was in the available and residual fractions. The availability of zinc contained in soil depends on: pH, total Zn content, organic matter and calcium carbonate content, redox conditions, microbial activity in the rhizosphere, soil moisture, content of other trace metals and macronutrients (especially phosphorus) in soil, as well as climatic conditions [Alloway 2004 ]. The organic matter content in the studied soils reduced this metal mobility, because the share in the third fraction was the highest and ranged from nearly 40 to 50%. The lowest Zn content was in residual fraction, which indicates the organic soils specificity, because in mineral soils the share in this fraction may be in the range 69 ÷ 83%, according to Mendoza et al. [2006] .
The nickel content in Polish soils, as reported in [Report 2000], is very wide and ranges from 0.4 to 46.5 mg·kg -1 . In the studied organic soils, a similar range of total nickel contents was noted (Fig. 1) . The distribution of nickel in particular fractions was similar and little differentiated in study period (Fig. 6) . The first fraction share in the total Ni content was about 20%, in the second 25%, in third about 30% and in fourth about 25%. Sergin and Kozhevnikova [2006] report that the Ni mobility depends on soil moisture content, organic matter content and increases under low pH conditions. Most of the studied soils were characterized by high pH and high content of organic matter which limited nickel mobility. In the most mobile fractions (soluble in water and exchangeable) in unpolluted soils, the nickel content is generally the smallest [Barona and Romero 1997, Kabata-Pendias and Pendias 1999, Hall and Pelchat 1999] , which is [2004] argue that the largest amounts of nickel are bound in the soil by the residual fraction, but their research concerns mineral soils and this cannot be referred to studied organic soils.
CONCLU3SIONS
1. The examined organic soils were uncontaminated due to total heavy metals content, with the exception of two soils with an increased content of cadmium.
Metals distribution in individual fractions re-
sulted from the specificity of organic soils. a) Most metals occurred in the third fraction related to organic matter and their share was over 50%, with the exception of nickel, the share of which in this fraction was about 30%. b) The heavy metals content in the residual fraction was at the level of 20 to 25%. c) The share of metals in the mobile fraction did not exceed 20%, and the potentially mobile one was higher and exceeded 20%. 
